Introduction
A large burn injury causes significant hemodynamic and cardiodynamic changes that support the development of sepsis, multiple organ failure, and leads to death [8] . Cardiogenic stress is a sign of the acute phase of response, and the negative results of the treatment of thermal damage are associated, in particular, with severe cardiac dysfunction [11, 12, 19] . Compromised cardiac function leads to hypoperfusion of organs, disturbance of peripheral microcirculation, increase of burn area and decrease of resistance to bacterial infection in the wound area [10, 11, 13] . Infusion therapy for burn injury is designed to compensate for the amount of fluid lost, with subsequent maintenance of the volume of circulating blood at a constant level, reduction of edema syndrome, normalization of the acid-base balance, electrolyte balance, and also the enhancement of perfusion of organs and tissues [2, 14, 15, 16, 18] . Literary data indicate that the problem of adequate use of infusion-transfusion solutions in the case of burn injury is far from the solution [2, 5, 14, 15, 18] . First of all, it concerns the changes in the parameters of the cardiomyocyte cell cycle, which are almost not covered in modern literature.
The aim of our study was to evaluate changes in the cell cycle of myocardial cells in the left ventricle of rats under conditions of infusion of blood substitutes and correction of Vol. 24, №1, Page 62-68 experimental burn injury by a 0.9% solution of NaCl.
Materials and methods
Experimental research was carried out on the basis of vivarium, research laboratory of functional morphology and genetics of the development of the research center ( Experiments were performed on 77 white male rats weighing 160-180 g obtained from the vivarium of the State Institution "Institute of Pharmacology and Toxicology of the National Academy of Medical Sciences of Ukraine".
The control group consisted of intact rats, which throughout the study period were infusion therapy with physiological solution.
All other rats under the general anesthesia of propofol (60 mg/kg of animal weight) were placed into the lower vena cava of the intravenous infusion catheter and modeled the burns of II-III degrees using the Regas method (fourth group of experimental animals) [17] .
By the nature of infusion therapy, all experimental animals were randomly assigned to four groups: to group 1 -rats, which were given a 0.9% NaCl solution in a dose of 10 ml/ kg; group 2 -rats, which were injected with a solution of lactoproteinum with sorbitol (Lactoprotein-C, issued by Kiev Closed Joint-Stock Company "Biopharm", Certificate of state registration of the Ministry of Health of Ukraine No. 464/09-300200000 dated March 12, 2009 ) at a dose of 10 ml/kg; group 3 -rats, which were injected with a colloidhyperosmolar HAES-LX-5% solution (developed at the SI "Institute of Blood Pathology and Transfusion Medicine of the National Academy of Medical Sciences of Ukraine", Lviv) at a dose of 10 ml/kg; group 4 -rats that were injected by 0.9% NaCl solution at a dose of 10 ml/kg against a burn injury.
The first injection was carried out 1 hour after the simulation of burn injury, the subsequent infusions were performed 1 time per day during the first 7 days of the experiment.
Animals were withdrawn from the experiment on 1, 3, and 7 days by overdose of propofol anesthesia in accordance with the basic requirements for euthanasia (Annex 4 "Rules for carrying out work using experimental animals", approved by order number 755 dated August 12, 1977 , Ministry of Health of the USSR "On measures to further improve organizational forms of work using experimental animals", Helsinki Declaration of the World Medical Association (2000) .
To detect the peculiarities of changes, cell cycle indices, and determination of DNA content in the nuclei of myocardial cells of rats, we used a flow-through DNA-cytofluorometry method.
After the heart was removed from the body of the rat, suspensions of the nuclei from the left ventricular myocardial cells of rats were prepared. The suspension was prepared using a CyStain DNA Step 1 for DNA dilution solution from Partec, Germany, in accordance with the manufacturer's protocol. This solution allows for the extraction of nuclei and the labeling of nuclear DNA by 4.6-Diamino-phenylindole (DAPI). In the manufacture of nucleic suspensions, we used CellTrics 50 m disposable filters (Partec, Germany).
Flow analysis was performed on a multi-functional flowthrough flow cytometric analyzer "Partec PAS" from Partec (Germany), at the CRC of National Pirogov Memorial Medical University, Vinnytsya. We used UV radiation to stimulate DAPI fluorescence. From each sample of a nuclear suspension, 10,000 events were subject to analysis. The distribution of DNA reflecting the cell cycle and fragmentation of DNA is presented on a page with one histogram using a linear scale. Calculation, plotting, cyclic analysis of cells were performed using FloMax software application (Partec, Germany), which was provided by the manufacturer to the equipment, in full digital equivalence according to the mathematical model, which determined:
G0G1 ( Determination of DNA fragmentation is accomplished by isolating the SUB-G0G1 site on the DNA histograms-RN1 before the peak G0G1, which indicates the nuclei of the cells containing DNA <2c. This is the percentage of cell nuclei in the state of apoptosis.
IP is an index of proliferation (a proliferative index), which is determined by the sum of the indices S + G2 + M. The larger its value, the more intensive proliferation and vice versa -the smaller the value, the less proliferative activity.
BP -block of proliferation. An increase in the number of cells in the G2 + M phase at low values of the S-phase indicates a delay (cell proliferation) of the cell cycle in the G2 + M stage. This indicator is rated by the ratio: S / (G2 + M).
The statistical analysis of the results was carried out using the "STATISTICA 6.1" program package (license number BXXR901E246022FA).
Results
In the study of DNA histograms of a nuclear suspension of rat myocardial cells without skin burn on 1 day after application of 0.9% NaCl solution, lactoproteinum with sorbitol or HAES-LX-5%, we did not find any significant difference between the cell cycle and fragmentation of myocardial cell DNA rats.
In all groups, most of the cells were in the G0G1 and G2 + M-phase, phase S parameters were different in the HAES-LX-5% group, while in groups with administration of lactoproteinum with sorbitol and 0.9% NaCl solution, we did not find any reliable differences, the SUB-G0G1 interval was the highest in the group of animals that were infused w ith lactoproteinum w ith sorbitol (Fig. 1) .
For the third day of the experiment, cell cycle parameters, such as the number of cells in the G0G1 and G2 + M-phases, were almost identical for the experimental groups of animals 1, 2 and 3, with the lowest data being when using HAES-LX-5%.
At the same time, with the application of HAES-LX-5%, the S-phase and SUB-G0G1 intervals were the highest.
On the seventh day, we observed that when infusions of blood substitutes in groups 1, 2 and 3, the bulk of cardiomyocytes were also in the phases G0G1 and G2 + M.
Infusion of HAES-LX-5% resulted in a decrease in the parameters of the SUB-G0G1 and S-phase (Fig. 2) compared to similar groups in w hich 0.9% NaCl solution (p <0.01) and lactoproteinum with sorbitol (p<0.05) were used.
Therefore, as a control, we selected a group of rats that we injected a 0.9% NaCl solution without burn injury (group 1) and compared with those obtained in a group of rats, which injected a 0.9% NaCl solution for 7 days at the background of burn injury (group 4).
It was established that the difference in the number of nuclei of cardiomyocytes located in the resting phase and the presynthetic phase of the CC (G0-G1 interval) was higher in animals w ith burn injury at the 1 and 7 day of the experiment and amounted to 2%, on 3 day the difference in the rate in 1 and 4 groups was 0.5% and was not reliable (Fig. 3) .
We considered this trend as a mobilization of cardiomyocytes reserves (G0 phase) to provide regeneration. At the same time, the percentage of nuclei that were in the phase of DNA synthesis (S-phase) was larger by almost 2 times (p <0.05) on 3 day in rats with burn injury compared with group 1, which indicated an increase in synthetic processes in the nuclei of cardiomyocytes against the background of dystrophic changes that were detected histologically with a burn injury (Fig. 4) . Fig. 3 . Indicators of interval G0-G1 during using 0.9% NaCl physiological solution in rats without burn injury and after skin burn on 1, 3 and 7 days. G0G1, 0,9 % NaCl , without burn injuries G0G1, 0,9 % NaCl , with burn injuries Indicators of the cardiomyocytes` cel ls cycle under inf usion of bl ood substitutes and i n the correcti on of...
We observed a significantly lower percentage of nuclei in the post-synthetic and mitotic phases (G2M interval) in group 4, with the largest difference in group 1 (in 1.71 times) found on the first day of the experiment. At the same time, the index of proliferation (IP -the sum of the indicators of phases S and G2M) at that time was also lower by 13,74% (p <0.05), on the 7 day -by 9.1%, which we considered as a decrease the ability for reparative regeneration of cardiomyocytes in response to their damage by burn injury and use of a physiological solution (Fig. 5) .
In the case of a burn injury in group 4, we established a significantly higher percentage of nuclei of cardiomyocytes in the S-phase: in 2 times on 3 day of the experiment, in 1.5 and 1.35 times on 1 and 7 days of the experiment, respectively, compared to the animals in group 1. The foregoing indicated an increase in the synthesis of DNA, which we considered as a compensatory-adaptive reaction, aimed at restoring the mass of the damaged organ. In animals of group 4 with burn injury, the interval SUB-G0G1 (apoptosis score) on the third and seventh day of the experiment was in 2.19 and 1.55 times higher than that of animals of group 2 (p <0.05) (Fig. 6) . Such a significant increase in the DNA fragmentation of the nuclei of cardiomyocytes, in our opinion, is the main indicator of pathogenically induced apoptosis, which, in the future, can lead to the development of irreversible damage to cells.
In rats with burn injury, which were given with a physiological solution, the percentage of diploid cells with a set of chromosomes 2c was only 2.45% higher in the first day of the experiment, almost the same -on 3 day and 1.29% higher -on the seventh day of the experiment comparatively with group 1.
This indicates slight fluctuations in the percentage of nuclei that are in the range of G0-G1 and pass into the following phases of the CC, w hich prepare the cell for division to implement reparative regeneration. Larger values of the index of the interval of SUB-G0G1 of cardiomyocytes against the background of thermal damage to the skin during the entire observation time indicate a violation of the time values of the cell cycle.
A higher percentage of diploid nuclei in animals with burn injury and the introduction of the physiological solution was combined with a lower percentage of tetraploid -almost twice (Fig. 7) , which was reflected in an increase of the ratio 2c/4c, which was 10.97 against 6.22 in animals of group 1. The change in the ratio between percentage 2c and 4c nuclei in this case indicates an increase in the ability to regenerate a damaged organ.
Discussion
Summarizing the results of the study, analyzing the results and comparing them with the results of researchers who studied post-mortem changes in other organs, we can conclude that there is a possibility of violations of the phases of the cell cycle of cardiomyocytes in later time (14, 21 and 30 days) after burn injuries of skin in rats [1, 3, S-phase, 0,9 % NaCl without burn injury S-phase, 0,9 % NaCl with burn injury Fig. 5 . Indicators of the interval G2M and the index of proliferation using 0.9% NaCl physiological solution in rats without burn injury and after skin burn on 1, 3 and 7 days. . We did not find literary data on analogous studies of the cardiomyocyte cell cycle in the long term after burn infections of the skin. We can assume that in the remote post-mortem period, the processes of myocardial rehabilitation are carried out by increasing the synthesis of cellular material against the background of amplification of apoptosis of damaged cells. Despite the presence of views on the protective role of apoptosis after thermal damage, comparing the clinical data of other researchers and the results obtained by us suggests that heart damage can occur precisely on the background of amplification of apoptosis [4, 20, 21] . This may also indicate an increase in the S-phase, set 7 days after the thermal trauma, which, in turn, indicates a lack of cardiomyocyte reparation processes in the early stages of the burn injury. It is also important to note that a comparable increase in the population of cells with fragmented nuclear DNA may indicate an imbalance of reparative processes in the cardiac muscle 7 days after the thermal loss. In favor of the hypothesis of the violation of reparative processes in the myocardium indicates the dynamics of indexes and the block of proliferation recorded during the study. The foregoing suggests that the normalization of the leading indicators of the cellular cycle of cardiomyocytes against the background of burn injury can occur only in the long term after burn injury. In our opinion, a promising further study of morphophysiological indicators of cardiac activity subject to a thermal trauma and its adjustment with various infusion drugs.
Conclusions
1. Infusion of 0.9% solution of NaCl, lactoproteinum with sorbitol or HAES-LX-5% for 7 days in rats without skin burns does not cause significant changes in cell cycle and fragmentation of myocardial cell DNA.
2. The long-term, unregulated changes in the cell cycle and its insufficiently effective normalization against the background of the use of saline solution for 7 days after burn injury to the skin have been determined. Indicators of the cardiomyocytes` cel ls cycle under inf usion of bl ood substitutes and i n the correcti on of...
